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1 
The a r e a  o f  cyc lopep t ide  a l k a l o i d s  c o n t a i n i n g  a  s t y r y l a m i n e  u n i t  i n  t h e  

r i n g  has  developed ve ry  q u i c k l y  i n  t h e  l a s t  t en  y e a r s ,  and over  70 compounds 

o f  t h i s  type  a r e  known. Three  groups hav ing  13-,  14- and 15-membered r i n g  

systems a r e  t o  d i s t i n g u i s h .  Alka lo ids  wi th  a  14-membered r i n g  system a r e  t h e  

main Eype. The f i r s t  r e p r e s e n t a t i v e s  having such a r i n g  were i s o l a t e d  i n  1963 

by Gouta re l  and P a i s  i n  Gi f - su r -Yve t t e ,  France,  from t h e  p l a n t  VaZtheria arneri- 

cana. They r e p o r t e d  l a t e r  t h e  c o r r e c t  formulas  of t h e  t h r e e  compounds d e s i g -  

n a t e d  adou6t ine-X,  - Y  and - 2 .  I n  1966 t h e y  could i s o l a t e  pandamine and 

pandaminine from t h e  p l a n t  Panda oLeosa and proposed rhe  complete s t r u c t u r e s .  

D e r i v a t i v e s  of t h e  13-membered r i n g  type  were found i n  Ziziphus oenopA'  iza and 

named z i z i p h i n e  and z i z i p h i n i n e  by Z b i r a l  e t  a l . ,  though t h e  supposed s t r u c -  

t u r e s  have l a t e r  t o  be  r e v i s e d .  Cor rec t  formulas  f o r  compounds o f  t h e  13- and 

15-membered a l k a l o i d s  were f i r s t  determined by Tschesche e t  a l .  i n  1973-1974. 

The major  c o n t r i b u t i o n s  on t h e s e  a l k a l o i d s  have been made by t h e  groups working 

i n  P a r i s  and Bonn, w h i l e  o t h e r s  have done some impor tan t  works i n  t h i s  f i e l d .  

+) This  p a p e r  i s  d e d i c a t e d  wi th  t h e  b e s t  wishes  Prof.T.Takemoto on t h e  occas ion  

o f  h i s  r e t i r e m e n t .  



The type of cyclopept ide a l k a l o i d s  a r e  found p a r t i c u l a r l y  i n  p l a n t s  o f  

t h e  family Rhamnaceae and occas iona l ly  i n  such of  Ce las t raceae ,  Hymenocar- 

d iaceae ,  Pandaceae, Rubiaceae, S t e r c u l i a c e a e  and Urt icaceae,  however, the  d i s -  

t r i b u t i o n  i n  t h e  p l a n t  kingdom was no t  c a r e f u l l y  i n v e s t i g a t e d .  The compounds 

a r e  p r e s e n t  i n  t h e  leaves and i n  t h e  barks and occur i n  the  most cases as a  

complex mixture of more than f i v e  c o n s t i t u e n t s  d i f f i c u l t  t o  s e p a r a t e .  The 

t o t a l  y i e l d s  from d r i e d  p l a n t  m a t e r i a l s  may d i f f e r  between 0.01 t o  0 . 1 % .  The 

r a t i o s  of var ious  a l k a l o i d s  and t h e i r  d i s t r i b u t i o n  i n  the  p l a n t  may d i f f e r  ex- 

tremely with the  region of t h e  growth, the  season,  the  matur i ty  o f  the  p l a n t  

and o t h e r  unknown f a c t o r s .  This is a  s e r i o u s  draivback f o r  i n v e s t i g a t i o n s .  

The i s o l a t i o n  of pure a l k a l o i d s  was achieved from ground p l a n t  mate r ia l  

by e x t r a c t i o n  with a  mixture of benzene, concentrated aqueous ammonia and 

methanol i n  the  r a t i o  of 100: 1 :  1 .  From t h e  combined benzene e x t r a c t s  the  rough 

bases a r e  ob ta ined  by shaking w i t h  5% aqueous c i t r i c  a c i d .  The i s o l a t i o n  of 

t h e  pure a l k a l o i d s  i s  achieved predominately by repeated chromatography an 

s i l i c a  g e l  columns o r  p l a t e s  with d i f f e r e n t  so lven t  systems.  For examination 

and i d e n t i f i c a t i o n  of t h e  i s o l a t e d  compounds mass spectrometry i s  t h e  method 

of choice combined with o t h e r  o p t i c a l  t echniques .  

These a l k a l o i d s  a r e  r a t h e r  iveak bases and t h e  s o l u b i l i t y  i n  the  water  i s  

poor. hlost a r e  i s o l a t e d  i n  c r y s t a l l i n e  form but some can be obtained only i n  

amorphous s t a t e .  The o p t i c a l  r o t a t i o n  i s  g e n e r a l l y  l evoro ta tory  (-200 % -400') 

The i n d i v i d u a l  cyclopept ides d i f f e r  i n  t h e  n a t u r e  of t h e i r  amino ac id  

c o n s t i t u e n t s ,  however, amino d icarboxyl ic  a c i d s ,  diamino ac ids  and s u l f u r  con- 

t a i n i n g  amino a c i d s  a r e  n o t  found. Fur ther  d i f f e r e n c e s  occur i n  t h e  r a t i o  Of 

methylat ion (mono- o r  d i m e t h ~ l a t e d )  and i n  t h e  p o s i t i o n  of the  ke to  group i n  

the  molecules. In t h e  13- and 15-membered types a  methoxy- o r  hydroxy s u b s t i -  

t u t i o n  i n  t h e  aromatic  nucleus o f  t h e  s tyrylamine p a r t  i s  observed. 
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Up t o  d a t e  t h e  a l k a l o i d s  c o n t a i n i n g  a  14-membered r i n g  are t h e  l a r g e s t  

group wi th  more than 45 r e p r e s e n t a t i v e s  known.2h i t  can b e  subd iv ided  i n t o  

t h r e e  subgroups depending on t h e  8-hydroxy amino a c i d  p a r t i c i p a t i n g  on t!,c 

r i n g  fo rmat ion .  namely 3-hydroxyleucioe ( f r a n g u l a n i n c - t y p e  ( I ) ) ,  3-hydroxy- 

pheny la lan ine  ( i n t e g e r r i o e - t y p e  ( 2 ) )  and t r ans -3 -hydroxypro l ine  (amphibine-B- 

type  ( 3 ) ) .  Bases wi th  3-hydroxyval ioe  (hymenocardine ( 7 ) )  and i+.ith 8-hydroxy 

i s o l e u c i n e  (ceanothine-D) as r i n g  c o n s t i t u e n t s  a r e  r a re .  

(1) f r a n g u l a n i n e  (2)  i n t e g e r r i n e  



14-membered r i n g  t y p e  

The formulas  demons t ra t e  t h a t  i n  t h e  r i n g  format ion b e s i d e s  t h e  hydroxy- 

s t y r y l a m i n e  u n i t  and a  hydroxyamino a c i d  a  f u r t h e r  d i f f e r e n t  amino a c i d  i s  p a r -  

t i c i p a t i n g  ( r i n g  bond amino a c i d ) .  The ca rboxy l  group of t h e  hydroxyamino 

a c i d  i s  l inked  w i t h  a  second amino a c i d  which i s  mono- o r  d ime thy la ted  ( s i d e  

cha in  amino a c i d ) .  I n  some c a s e s  t h e  carboxy group o f  t h e  s i d e  cha in  amino 

a c i d  i s  forming a  p e p t i d e  bond wi th  a  f u r t h e r  amino a c i d ,  which i s  methy la ted  

( see  amphibine-B). The " in te rmed ia te"  amino a c i d  i s  i n s e r t e d  between t h e  

hydroxyamino a c i d  and t h e  b a s i c  end amino a c i d  w i t h i n  t h e  p e p t i d e  c h a i n .  

The r e p r e s e n t a t i v e s  of t h i s  group g e n e r a l l y  show no c h a r a c t e r i s t i c  uv ab- 

s o r p t i o n  i n  s p i t e  o f  t h e  double  bond and t h e  conjugated a romat i c  s t y r y l a m i n e  

p a r t .  The reason  f o r  t h i s  i s  exp la ined  by t h e  s t r a i n e d  c h a r a c t e r  of t h e  r i n g  

which p r e v e n t s  o v e r l a p  of t h e  p - o r b i t a l s  o f  t h e  enamine and t h e  s t y r y l  group.  

Thus bo th  a b s o r p t i o n s  were found t o  be  independent .  Th i s  assumption was con- 

2c 
f i rmed by a  X-ray s t r u c t u r e  a n a l y s i s  o f  mauri t ine-A ( ( 4 )  and f i g . 1 )  , 

In a d d i t i o n  t h i s  f a c t  e x p l a i n s  a l s o  t h a t  i n  t h e  pmr-spectrum t h e  a b s o r p t i o n  of 

t h e  3-hydroxyprol ine  i s  i n  conformity  wi th  t h e  c i s  form b u t  i n  r e a l i t y  i t  e x i s t s  

i n  t h e  t r a n s  form and indeed t h e  t r ans -3 -hydroxypro l ine  was i s o l a t e d  a f t e r  

p r e c a u t i o u s  d e g r a d a t i o n .  

The amino a c i d s  i n  a l l  t h r e e  groups 

of c y c l o p e p t i d e  a l k a l o i d s  have predomi- 
0- 

n a t e l y  t h e  L-conf igura t ion ,  however, i n  $b lasiodine -A (a) ,  i s o l a t e d  by Gouta re l s  
\ / 

group, t h e  amino a c i d  i n  t h e  r i n g  i s  D-  

p h e n y l s e r i n e  and i n  scu t i an ine - i )  and - E  OF NeZN 

D-threo and D-erythro-8-hydroxyleucine 

(4)  mauri t ine-A 
were observed by us  i n  t h e  same p o s i -  
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t i o n .  The a t t r i b u t i o n  t o  t h e  L- o r  D-se r i e s  was found on r e a c t i o n s  wi th  spe-  

c i f i c  amino a c i d s  o x i d a s e s .  

:inother problem i n  t h e  f r a n g u l a n i n e  t y p e  a l k a l o i d s  was t h e  c o n f i g u r a t i o n  

o f  t h e  hydroxy leuc ine .  .Acid h y d r o l y s i s  o f  t h e s e  compounds produced t h e  t h r e o -  

form, b u t  c o r r e c t  i s  t h e  e ry th ro - i somer .  Th i s  was e s t a b l i s h e d  wi th  d i f f e r e n t  

methods by s e v e r a l  a u t h o r s .  I t  seems l i k e l y  t h a t  t h e  hydroxyphenylser ine  i n  

t h e  i n t e g e r r i n e  group has  t h e  e r y t h r o  form as w e l l .  

I n  t h e  amphibine-B group t h e  c h a r a c t e r i s t i c  r i n g  bond hydroxyamino a c i d  

i s  t r ans -3 -hydroxypro l ine .  T h i s  amino a c i d  r a r e l y  occurs  i n  t h e  animal k ing-  

dom a s  c o n s t i t u e n t  o f  p r o t e i n s  and has  been found i n  p l a n t s  on ly  once i n  i t s  

f r e e  form i n  DeZonir re& Raf in .  The i s o l a t i o n  o f  t r ans -3 -hydroxypro l ine  was 

p o s s i b l e  a f t e r  ozono lys i s  o f  t h e  a romat i c  nuc leus  fol lowed by h y d r o l y s i s  under  

mild c o n d i t i o n s .  

13-membered r i n g  type  

Alka lo ids  o f  t h i s  group c o n t a i n  6-(2-methony-5-hydroxy)-styrylamine 

i n s t e a d  of t h e  4-hydroxystyrylamine.  A t y p i c a l  compound o f  t h i s  type  is 

1,2a,Zb 
i i z i p h i n e - A  ( 5 ) .  E igh t  k p r e s e n t a t i v e s  a r e  known t o  d a t e  

O x i d a t i v e  degrada t ion  o f  zizphine-A 

wi th  osmium t e t r o x i d e  and sodium p e r i o d a t e  0q3 y i e l d s  a  d la ldehyde ,  s i n c e  one a ldehyde 

group i s  formed a t  t h e  amino group and 

becomes e a s i l y  hydro lyzed ,  t h u s  producing 

t h e  corresponding amino monoaldehyde. 2?&H 04 1 
The uv spectrum i s  v e r y  s i v i l a r  t o  2 , s -  

hlr, N 
dimethoxybenzaldehyde. Acid h y d r o l y s i s  "-2' 

of  t h e  dihydroziz iphine-A produced a  d i -  (5) z iz iphine-A 
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pept ide  derived from t h e  s i d e  chain and i t s  hydro lys i s  y ie lded  i s o l e u c i n e .  

Therefore i s o l e u c i n e  i s  s i t u a t e d  on t h i s  p a r t  of the  molecule. Alkal ine hydro- 

l y s i s  o f  t h e  hydrogenated compounds of t h i s  type produced B-(2-methoxy-5- 

hydroxyphenyl)ethanol, which i n d i c a t e s  the  p o s i t i o n  of the  methoxy s u b s t i t u t i o n  

i n  t h e  s tyrylamine p a r t  i n  t h e s e  a l k a l o i d s .  Trans-3-hydroxyproline i s  the  

hydroxyamino ac id  i n  a l l  t h e  bases of t h i s  type.  

15-membered r i n g  type 

Twelve r e p r e s e n t a t i v e s  of t h i s  group have been i s o l a t e d  from d i f f e r e n t  

z iziphus v a r i e t i e s .  The r i n g  i s  here  c losed  by d i r e c t  s u b s t i t u t i o n  of the  

aromatic  nucleus of t h e  s tyrylamine by an amino ac id  i n s t e a d  of  t h e  usual  e t h e r  

l inkage.  I t  seems l i k e l y  t h a t  from an unknown precursor  t h e  hydroxyl group of 

a  s e r i n e  d e r i v a t i v e  has been e l imina ted  with a  hydrogen of t h e  aromatic  r i n g  

i n  form of  water .  A t y p i c a l  compound of t h i s  type i s  mucronine-A ( 6 ) .  

From t h i s  group t h e  f i r s t  time 

non-methylated amino a c i d s  ad jacen t  t o  

li C, cH3n \ t h e  aromatic  nucleus o f  the  s t y r y l -  3  ,N-HC-H2C CH=CH 
I I 

amine p a r t  have been i s o l a t e d .  These H3C CO NH 
I I 

NH-CH-CO-NH-CH-CO 
I I compounds are n o t  s t a b l e  enough f o r  

H C-CH 
a  d e t a i l e d  s t r u c t u r a l  i n v e s t i g a t i o n ,  3 1 :H2 

C2H5 '6"s 
b u t  can be s t a b i l i z e d  i n  form of t h e  

a c e t y l  d e r i v a t i v e s .  In t h e  represents- (6) mucronine-A (R=H) 

t i v e s  o f  t h e  15-membered group a  new 

unknown bisamino a c i d  is  p r e s e n t ,  though it was n o t  p o s s i b l e  t o  i s o l a t e  t h i s  

compound a f t e r  a c i d  h y d r o l y s i s .  Oxidative cleavage with osmium t e t r o x i d e  and 

sodium per ioda te  produced an aminodialdehyde whichwere analogs of the  ox ida t ion  

products  o f  t h e  13-membered a l k a l o i d s .  Lost of t h e  C-atom a t  t h e  amino group 



y i e l d e d  an amino-mono-aldehyde. l lyd ro lys i s  genera ted  a  d i p e p t i d e  b u t  n o t  t h e  

unknow a romat ic  bisamino a c i d .  The mode of s u b s t i t u t i o n  i n  t h e  a romat i c  

nuc leus  by methoxy group can be r e v e a l e d  by comparison o f  t h e  uv- and pmr- 

s p e c t r a  wi th  t h o s e  of t h e  corresponding dimethoxy- and methoxymethylbenz- 

a ldehydes .  

In t h e  case  t h a t  monomethylated a l k a l o i d s  a r e  p r e s e n t  t h e i r  i d e n t i f i c a t i o n  

can be  r e l i e v e d  by r e a c t i o n  wi th  formaldehyde fol lowed by c a t a l y t i c  hydrogena- 

t i o n .  'This procedure  i s  a p p l i c a b l e  t o  a l l  a l k a l o i d s  i n  t h i s  a r e a .  

Lasiodine-A, an open cha in  a l k a l o i d  

'The only  n o n - c y c l i c  p e p t i d e  a l k a l o i d  known i s  l a s iod ine -A (a),  hav ing  

1 
most o f  t h e  s t r u c t u r a l  f e a t u r e s  o f  t h e  whole group.  Wamhoff has  p o s t u l a t e d  

t h a t  it might be  formed from a  c y c l i c  p r e c u r s o r  l i k e  hynienocardine ( 7 ) ,  which 

was i s o l a t e d  by Gouta re l  e t  a l .  from Hymenocardia ac ida ,  whi le  l a s iod ine -A was 

produced i n  Lasiodiscus mannoratus. Hymenocardine i s  t h e  only  p e p t i d e  d e r i v a -  

t i v e  wi th  a B-hydroxyvalinc a s  r i n g  forming hydroxyamino a c i d .  For t h e  o r i g i n  

o f  l a s iod ine -A i s  i n d i c a t e d  t h e  mild  a l k a l i n e  h y d r o l y s i s  which opens t h e  r i n g  

on t h e  p o s i t i o n  of 6-hyd'roxyvaline forming a  f r e e  p h e n o l i c  hydroxy group.  

'The hydroxyval ine  p a r t  o f  t h e  molecule  e a s i l y  forms an u n s a t u r a t e d  compound 

by l o s s  o f  w a t e r  i n  t h e  same r e a c t i o n  a s  i n  l a s iod ine -A o c c u r s .  

Uost ' s t r u c t u r e s  o f  t h e  cyc lopep t ide  a l k a l o i d s  have been determined by 

1  mass spec t romet ry  u s i n g  high r e s o l u t i o n  . The t h r e e  major groups d i f f e r  i n  

t h e  p a t t e r n  pf f r agmenta t ion  and i n  t h e  d i s t i n c t  s t a b i l i t y  of t h e  r i n g  a g a i n s t  

e l e c t r o n  impact .  In combination wi th  chemical methods a  c o r r e c t  de te rmina t ion  

of t h e  s t r u c t u r e  i s  p o s s i b l e  even i f  only  small amounts o f  s t a r t i n g  m a t e r i a l  

a r e  a v a i l a b l e .  

A micro method f o r  t h e  de te rmina t ion  o f  t h e  s t r u c t u r e s  i n  t h e  s t y r y l a m i n e  
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( 7 )  hymenocardine (8) las iodine-A 

res idue  of the  13- and 14-membered cyclopept ide a l k a l o i d s  has been developed 

by means of gas chromatography. Ihe  hydrogenated bases a r e  hydrolyzed t o  t h e  

s p l i t t i n g  products  (9) and (10) .  

ci;st'2 cH30.,&NH2 Ct13 

' OH 
OH 

( 9 )  (10) 

(11) amphibine-I 

T h e  l a t t e r  is  predominately produced from the  13-membered type.  Both hydro- 

l y t i c  products  can be separa ted  a s  t r i m e t h y l s i l y l  d e r i v a t i v e s  i n  t h e  gas chro- 

matography. Comparison of t h e  r e t e n t i o n  times of a u t h e n t i c  samples with those  

of t h e  d e r i v a t i v e s  from the  a l k a l o i d s  allows t o  determine the  s u b s t i t u t i o n  

2d p a t t e r n  of t h e  aromatic  nucleus i n  the  s tyrylamine res idue  . 
L i t t l e  i s  known about t h e  b iogenes i s  of t h e  cyclopept ide a l k a l o i d s .  

I n t e r e s t i n g l y  i s  t h a t  i n  some cases t e t rahydra i soquino l ine  a l k a l o i d s  have been 

found i n  t h e  p l a n t s  t o g e t h e r  with the  cyclopept ide d e r i v a t i v e s  such as R-(-1- 

amepavine ,  n u c i f e r i n e  and 6-methylcoclaurine.  In Ziziphus amphibia t h e  



3 
the peptide of a tetrahydroisoquinoline, amph~bine-I (ll), was observed . 

4 
The structure was comfirmed by synthesis . Bishay et a1.l pointed out these 

compounds could correlate with the biogenesis of the cyclopeptide alkaloids. 

This hypothesis has still to be investigated. 
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